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Description 



LITHOGRAPHIC SEMICONDUCTOR 
MANUFACTURING USING A 
MULTI-LAYERED PROCESS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] No related applications. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0002] Portions of the present invention may have been made in 
conjunction with Government funding under contract 
number DAAB07-00-D-D329, and there may be certain 
rights to the Government. 
BACKGROUND OF THE INVENTION 

[0003] The invention relates to semiconductors, and more partic- 
ularly, to systems and processes for fabrication of semi- 
conductor devices. 

[0004] The proliferation of integrated circuit (IC) semiconductor 
devices into human society has been nothing short of 



phenomenal. The rapid technological advancements that 
occurred since the discovery of transistor devices in the 
1940's has catapulted human innovation and spearheaded 
astonishing advancements. The immense power associ- 
ated with computing power and signal processing contin- 
ues to rapidly alter the fabric of our society. 
[0005] As known in the art, the fabrication of integrated circuit 
devices is a multiple-step process. As general back- 
ground, the fabrication of standard silicon-based chips 
starts with raw silicon dioxide, the most common compo- 
nent of sand or glass. The silicon dioxide is heated in the 
presence of hydrogen to produce pure silicon. The silicon 
is then melted and formed into ingots that are sliced into 
wafers. While silicon has traditionally been the most com- 
mon semiconductor material, other materials such as gal- 
lium arsenide and germanium as well as others are used 
for certain applications depending upon the performance 
requirements. 

[0006] These wafers will eventually be transformed in the inte- 
grated circuits after a number of processing steps are 
performed. In general, the process steps can be grouped 
into several basic areas: Front End Processing, Back End 
Processing, Test and Packaging. 



[0007] The Front End Processing refers to the initial steps in tlie 
wafer fabrication process wherein the silicon wafers are 
created from very pure silicon ingots and actual semicon- 
ductor devices or transistors are fabricated on the wafers. 
A typical front end process includes preparing the wafer 
surface, patterning and implanting dopants to obtain the 
desired electrical properties, growing or depositing the 
gate dielectric, and growing or depositing insulating ma- 
terials to isolate neighboring devices. 

[0008] After the integrated circuit devices have been developed 
they are electrically interconnected and assembled to form 
the electrical circuits for the desired product. The Back 
End Processing involves depositing various layers of metal 
and insulating material in desired patterns of conducting 
and insulating layers to create the electrical pathways. In 
general, the conductive metal layers consist of aluminum 
or copper, although other metals are known in the art. 
The insulating layers are generally formed with silicon 
dioxide or a silicate glass however other materials are also 
known in the art. The conductive layers are interconnected 
by etching holes, called "vias" in the insulating material. 

[0009] Advancements in the semiconductor industry have re- 
sulted in many distinct wafer fabrication processes, allow- 



ing designers to optimize a particular design by selecting 
the best process for the device. In general, fabrication 
processes simply consist of a series of steps to deposit 
special material layers on the wafers one at a time in pre- 
cise amounts and patterns. 
[0010] Once the Back End Processing has been completed, the 
semiconductor devices are subjected to a variety of elec- 
trical tests to determine whether the integrated circuit de- 
vice functions properly. Finally, the wafer is cut into indi- 
vidual die, which are then packaged in ceramic or plastic 
packages with pins or other connectors to the outside 
world. 

[0011] The fabrication of circuits on the wafers thus requires that 
several different layers, each with different patterns, be 
deposited on the surface, and that doping of the active 
regions be done in very controlled amounts over tiny re- 
gions of precise areas. The various patterns used in de- 
positing layers and doping regions on the substrate are 
defined by a process called photolithography. In general 
terms, photolithography refers to the process used in 
semiconductor device fabrication to transfer a pattern to 
the surface of a wafer or substrate. The transfer of this 
pattern allows for the definition of features to be etched 



in an underlying film or to provide a mask for ion implan- 
tation. In a complex integrated circuit a wafer may un- 
dergo photolithography multiple times. 

[00^2] In simple terms, the lithography process generally com- 
prises applying at least one layer of photoresist material 
on the surface of a substrate. The resist layer is then se- 
lectively exposed to radiation with the exposed areas de- 
fined by the exposure device such as a mask. The pho- 
tolithography or more succinctly, lithography, process 
generally commences with a layer of photoresist material 
that is spin-coated on the surface of the wafer. The resist 
is a light-sensitive material processed into specific pat- 
terns after being exposed to light energy in the shape of 
the desired pattern. The resist layer is then selectively ex- 
posed to radiation such as ultraviolet light, electrons, or 
x-rays, with the exposed areas defined by the exposure 
tool, mask or computer data. 

[0013] After exposure, the photoresist layer is subjected to a de- 
velopment process. During development, the undesired 
areas in the photoresist are dissolved by the developer 
which dissolves undesired areas of the photoresist layer 
and exposes the corresponding areas of the underlying 
layer. Depending on the resist method, the development 



stage may dissolve either tlie exposed or unexposed ar- 
eas. The areas with no resist material left on top of them 
are then subjected to additive or subtractive processes, 
allowing the selective deposition or removal of material on 
the substrate. In the case wherein the exposed areas be- 
come soluble in the developer, a positive image of the 
mask pattern is produced on the resist. Such a resist is 
therefore called a positive photoresist. Negative photore- 
sist layers result in negative images of the mask pattern, 
wherein the unexposed areas are made soluble in the de- 
veloper. Wafer fabrication may employ both positive and 
negative photoresists, although positive resists are gener- 
ally used as they offer higher resolution capabilities. 

[0014] The photoresist materials typically have three compo- 
nents, namely a matrix material or resin that provides 
body for the photoresist, an inhibitor or sensitizer which 
is the photoactive ingredient, and a solvent that keeps the 
resist in a liquid form until it is applied to the substrate. 

[0015] Etching refers to the process of removing regions of the 
underlying material that are no longer protected by a 
photoresist and is typically described in terms of its level 
of isotropy. An isotropic etching process proceeds in all 
directions at the same rate, while an anisotropic etching 



process proceeds in only one direction. In general, etching 
processes fall between being completely isotropic and 
completely anisotropic. Wet etching, or etching with the 
use of chemicals tends to be isotropic while dry etching 
processes that employ reactive plasmas are generally 
anisotropic. The rate at which the etching occurs is known 
as the etch rate. 

[0016] jhin films, as the name implies, is a layer with a high sur- 
face-to-volume ratio and are used in wafer fabrication. 
These films can be used to form a resistor, a conductor, 
an insulator, and even a semiconductor. The thin films can 
be deposited on a substrate by several means, such as 
thermal growing or by vapor deposition. A property of 
thins films is that they usually behave differently from 
bulk materials of the same chemical composition. For ex- 
ample, thin films are sensitive to surface properties, and 
relatively more sensitive to thermomechanical stresses. 
Furthermore, the thin films are influenced by the quality 
of adhesion to the underlying layer, the conformal cover- 
age, residual or intrinsic stresses after deposition, and the 
presence of surface imperfections. 

[0017] The adhesion of a thin film to the substrate or an underly- 
ing layer is one of the factors affecting the reliability of 



the thin film. A thin film that is initially adhered to the un- 
derlying layer but lifts off after the device is subjected to 
thermomechanical stresses may result in field failures. 
Reliable thin film adhesion depends upon many factors, 
including the cleanliness of the surface, and the rough- 
ness of the substrate/underlying layer among others. Re- 
gardless of the deposition process, thin films frequently 
end up with some intrinsic stresses that can lead to adhe- 
sion problems, corrosion, cracking, and deviations in 
electrical properties. 

[0018] The metallization process refers to the formation of metal 
layers that electrically interconnect the various device 
structures fabricated on the silicon substrate. Aluminum 
and Gold are widely used materials for metallization, as 
they offer low resistivity and favorable adhesion compati- 
bility with silicon dioxide. The metal layers may be de- 
posited through Physical Vapor Deposition (PVD) by sput- 
tering, which involves generating high-energy ions that 
bombard a target, and the ions sputter (eject) atoms from 
the target. The sputtered atoms reach the substrate and 
condense and form a thin film over the substrate. 

[0019] The additive metallization technique known as "lift-off 
was developed with the advent of electron beam lithogra- 



phy in the late 1960's. The lift-off techniques employ lift- 
off patterns and lift-off masks and the process is known 
in the art and described in "Integrated Circuit Fabrication 
Techniques", by David J. Elliot, Copyright 1982 McCraw 
Hill, New York. The lift-off process employs a sacrificial 
material such as the photoresist that is deposited and 
patterned on the substrate. The material of interest is 
then deposited on top of the sacrificial material. The sac- 
rificial material is then removed, leaving behind only the 
material deposited directly on the substrate. These pro- 
cesses are useful for patterning materials that cannot be 
etched without affecting underlying materials on the sub- 
strate. There are additional reasons for using lift-off as is 
known in the art. 
[0020] One form of lift-off is realized through electron beam 
processing. The electron beam lift-off process provides 
the metallization after the exposure and development of 
the resist. Basically, the lift-off technique uses the fact 
that electron scattering in the resist and back scattering 
from the substrate creates a tear-shaped energy absorp- 
tion profile in the resist, which results in an undercut pro- 
file after resist development. In this way metal that is 
evaporated over the entire surface exhibits discontinuities 



between the metal on the substrate and the metal over the 
resist. During resist removal in a suitable solvent, the 
metal over the resist is also removed and a clean repro- 
duction of the image is obtained in metal. An additional 
advantage of the lift-off technique is that multi-level 
metal structures can be formed because any material or 
combination of materials that can be evaporated can be 
used. 

[0021] One of the reasons for the success of the electron beam 
lift-off process in electron beam lithography is the fact 
that the energy absorption in the resist film during expo- 
sure is not linear but reaches a maximum in about two- 
thirds of the beam penetration range. Thus, with proper 
exposure and development, adequate undercut resist pro- 
files are obtainable. In the optical exposure of photoresist, 
however, energy absorption is highest at the top of the 
resist film and lowest at the interface between the resist 
and the substrate due to the attenuation of the light in the 
resist. Moreover, standing waves created by the light re- 
flected from the substrate are a further complication. 
These exposure conditions make it difficult to obtain un- 
dercut or even vertical resist profiles with normal UV ex- 
posure of azide type positive photoresist. Using ammonia 



based image reversal is one popular method to form lift- 
off profiles using positive azide based photoresists. 

[0022] Early multilayer lift-off pattern systems were designed for 
use in processes where the processing temperature ex- 
ceeded 100 degrees Celsius. However, processes which 
are employed in the manufacture of lead-base Josephson 
Junction superconducting devices such as lead, lead alloys 
of gold, bismuth and indium have very thin oxide junc- 
tions which can be easily damaged when process temper- 
atures exceeds 70 degrees Celsius. 

[0023] The state of the art recognized the temperature problems 
involved in the manufacture of Josephson junction super- 
conductive devices and provided a low temperature pro- 
cess solution. However, the saturated photoresist em- 
ployed must be specially mixed and specially filtered, and 
the saturated photoresist material is sensitive to ambient 
temperatures. It is known that saturated photoresist ma- 
terials have very low viscosity and must be applied in thin 
coatings. The processing employs multiple thin coatings 
of saturated photoresist. When the top layer of photore- 
sist material is made too thin, and a substantial undercut 
lift-off pattern is being made, the top layer will collapse. 
Further, since the bottom layer of the photoresist lift-off 



pattern is substantially thicker than the top layer, longer 
development time is required to achieve a desired under- 
cut and this permits the developing solution to attack and 
develop the top thin layer at the edges thus destroying 
the accuracy of the pattern. The saturated photoresist will 
combine with and bleed into the unsaturated layer that 
changes the concentration of both layers at the interface 
boundary. 

[0024] Another technique known in the art in electron beam 

lithography to increase resist sensitivity while maintaining 
the undercut feature of the developed resist, comprises 
the coating of two or more resist layers having widely dif- 
ferent solubilities. After electron beam exposure, a devel- 
oper is chosen which develops the top layer much slower 
than the bottom layer. Alternatively, two mutually exclu- 
sive developers can be used for the successive develop- 
ment of the two layers. Both of these approaches result in 
resist profiles suitable for certain lift-off metallization. 

[0025] Prior references such as U.S. Pat. No. 4,204,009 teaches a 
two-layer photoresist lift-off system employing two sepa- 
rate layers of positive photoresist material in which a lift- 
off pattern is provided at low processing temperatures. 
The first positive layer of photoresist material is thick and 



unsaturated. The second positive photoresist layer is 
comparatively thin and completely saturated. When the 
two layers are exposed as a laminate layer at the same 
time through a mask, the areas of both photoresist layers 
not covered by the mask are exposed to the collimated 
light source, and when the exposed areas are developed, 
they are removed. The use of a collimated light source for 
the denser and saturated upper layer of photoresist re- 
sults in more isotropic or edge diffusion of the light into 
the edges of the bottom layer when both layers are ex- 
posed as a laminar structure. Furthermore, the edges of 
the bottom layer are more susceptible to light and are ex- 
posed to a greater degree. When the laminar structure is 
then developed, the bottom layer develops faster than the 
top layer, wherein the etched pattern extends under the 
resist, thereby limiting resolution of the pattern definition 
process. 

[0026] The processing according to U.S. Pat. No. 5,889,788 em- 
ploys the formation of resist patterns having two photore- 
sist layers and an intermediate layer, which is another ex- 
ample using multiple layers to form vertical sidewalls. The 
first photoresist layer coats the substrate and is subjected 
to masking and exposure. And, the first photoresist is 



also subjected to develop. A transparent intermediate 
layer coats the developed first photoresist layer and a 
second photoresist layer is applied to the intermediate 
layer. The second photoresist layer is subjected to mask- 
ing and exposure to form a second photoresist pattern. 
Etching is used so that the first and second photoresist 
patterns have a vertical pattern. 

[0027] In the fabrication of semiconductor devices it is often de- 
sirable not only to form patterned conductive layers but 
also to fabricate conductive layers having some shape or 
form. For example, rounded chip pads (i.e. "solder balls") 
enhance electrical contact with other metallization levels. 
Although there are many known methods for forming a 
patterned conductor layer on a substrate, the two com- 
mon methods are subtractive etching and lift-off tech- 
niques. Of these two techniques, it has been found that 
lift-off is more desirable since the solvents used to re- 
move the insulator in lift-off cause less damage to the 
underlying substrate than do the etch processes used in 
subtractive etching. Also, the conductor profile resulting 
from lift-off processing minimizes step coverage prob- 
lems in subsequent conductor layers. 

[0028] Thus, while lift-off techniques are a known method of 



forming patterned conductive layers, it would be of con- 
siderable advantage if these techniques could be utilized 
in order to form patterned conductive layers having varied 
shapes and complex forms. Furthermore, one of the 
problems known in the art is obtaining undercut and ret- 
rograde photoresist profiles in a controlled and repro- 
ducible manner. Another known problem with existing 
lift-off processing is the difficulty in lifting off metal pat- 
terns in first generation processing. 
[0029] What is needed, therefore, are techniques for performing 
lithographic processes in a multi-layered system. Such 
techniques can be employed for enhanced liftoff pro- 
cesses and other applications that require large and con- 
trolled undercut. Such a system or process should operate 
at low processing temperatures and maintain very high 
accuracy of the mask dimensions. 
BRIEF SUMMARY OF THE INVENTION 

[0030] One embodiment of the present invention provides an im- 
provement to the lithographic processes and correspond- 
ing devices resulting therefrom. In one embodiment, the 
present invention is a multi-layered lithographic structure, 
comprising a substrate having a first resist layer with a 
first surface coupled to the substrate and the first resist 



layer having a first resist open area. A barrier layer is on a 
second surface of the first resist having a barrier layer 
open area. There is a second resist layer coupled to the 
barrier layer, the second resist layer having a second re- 
sist open area and wherein the first resist open area is 
subject to develop subsequent to develop of the second 
resist layer and etching of the barrier layer. There can be a 
plurality of structures on the substrate. 
[0031] Another variation comprises a second barrier layer on the 
second resist layer with an open second barrier layer open 
area. A third resist layer can be added on the second bar- 
rier layer with a third resist open area, wherein the second 
resist open area is subject to develop subsequent to de- 
velop of the second resist layer and etching of the barrier 
layer. 

[0032] In one embodiment the first resist open area, the barrier 
layer open area, and the second resist open area have 
variable patterns. Furthermore, the first resist open area, 
the barrier layer open area, and the second resist open 
area can have variable sizes, patterns and shapes. 

[0033] An additional aspect includes wherein the first resist layer 
and the second resist layer is selected from at least one of 
the group consisting of azide, polymers and copolymers 



of polymethylmethacrylate (PMMA), and SU-8. The barrier 
layer can also be an opaque metallic layer. And, the sub- 
strate can be selected from at least one of the group con- 
sisting of silicon, gallium arsenide, germanium, glass and 
metal. 

[0034] One embodiment of the invention is a method of fabricat- 
ing a multi-layer lithographic semiconductor, comprising 
applying a first resist layer to a substrate, masking the 
first resist layer and exposing the first resist layer, thereby 
forming a first latent image in the first resist layer. A bar- 
rier layer is added to the first resist layer covering the first 
latent image. Next, applying a second resist layer to the 
barrier layer, and masking the second resist layer and ex- 
posing the second resist layer, thereby forming a second 
latent image in the second resist layer. And, developing 
thereby removing the second latent image, etching the 
barrier layer, and developing thereby removing the first 
latent image. 

[0035] Variations of the method comprise preparing the sub- 
strate, post-application resist treatments, using alignment 
tools, softbake and hydration. The etching can be selected 
from the group consisting of wet etch, dry etch and de- 
velop/exposure. The exposing can be selected from the 



group consisting of ultraviolet light, electrons, and x-rays. 

[0036] In one embodiment, the shape or pattern formed in the 

first and second latent image is formed by making a mask 
using CAD. The mask is then used during exposure to 
form any pattern desired, as is a standard method with 
photolithography. 

[0037] In the multi-layer mode, the method further comprises 
adding a second barrier layer on the second resist layer, 
applying a third resist layer on the second barrier layer, 
masking the third resist layer and exposing the third re- 
sist layer, thereby forming a third latent image in the third 
resist layer. 

[0038] Next, developing the third latent image, etching the sec- 
ond barrier layer, and developing the second latent image. 
Finally, the last barrier layer is removed and the bottom 
layer of photoresist is developed. In the multi-layer 
method additional layers may be added in a similar man- 
ner to form extremely complex three-dimensional pre- 
cisely defined structures of many layers. 

[0039] One embodiment of the invention is a lithographic pro- 
cess for fabricating multi-layer semiconductor devices, 
comprising providing a semiconductor substrate, coating 
a first resist layer onto the substrate, and exposing the 



first resist layer witli a masl< to form a first layer exposed 
area and a first layer unexposed area. A barrier layer is 
deposited on the first layer exposed area and the first 
layer unexposed area, and a second resist layer is de- 
posited on the barrier layer. Next, exposing the second 
resist layer with a mask to form a second layer exposed 
area and a second layer unexposed area, and developing 
the second layer exposed area. Finally, etching the barrier 
layer, developing the first layer exposed area and fabri- 
cating devices on the substrate. Numerous variations and 
embodiments are applicable and within the scope of the 
invention. 

[0040] Variations of the process include depositing of the barrier 
layer by thermal evaporation, spun coating or by other 
standard thin film deposition techniques. Thermal evapo- 
ration is usually used over sputter deposition because 
sputter deposition generally contains UV radiation that 
exposes most lithographic films. However, spin coating, 
spray coating, thermal evaporation and electroless plating 
are all acceptable methods to apply the barrier layer. 

[0041] The features and advantages described herein are not all- 
inclusive and, in particular, many additional features and 
advantages will be apparent to one of ordinary skill in the 



art in view of tlie drawings, specification, and claims. 
Moreover, it should be noted that the language used in 
the specification has been principally selected for read- 
ability and instructional purposes, and not to limit the 
scope of the inventive subject matter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE 
DRAWING 

[0042] The present invention will be readily understood by the 
following detailed description in conjunction with the ac- 
companying drawings, wherein like reference numerals 
designate like structural elements, and in which: 

[0043] Figure 1 illustrates a substrate with a conformal coating of 
photoresist. 

[0044] Figure 2 shows the exposure of the resist. 

[0045] Figure 3 is a latent image in the photoresist. 

[0046] Figure 4 illustrates a coating of thin film/barrier layer over 
exposed resist. 

[0047] Figure 5 illustrates overcoating of the photoresist and in- 
troduction of the second resist layer. 

[0048] Figure 6 shows the exposure of the top layer of photoresist 
exposed by the radiation, wherein the radiation does not 
penetrate to the first layer because the barrier layer stops 



the radiation from penetrating. 
[0049] Figure 7 shows a latent image in both photoresist layers. 

[0050] Figure 8 depicts the development of top layer of resist and 

etching of the barrier layer. 
[0051] Figure 9 shows the develop of the bottom layer of resist. 

[0052] Figure 10 is a process flow for one embodiment of the 
lithography process of the present invention. 

[0053] Figure 11 graphically shows that the layers can have varied 
shapes as illustrated from the top perspective view of the 
multi-layer stack. 

[0054] Figure 12 is a side view perspective of a five layer litho- 
graphic stack showing the varying thicknesses of the lay- 
ers as well as the dimensioned undercut. 
DETAILED DESCRIPTION OF THE INVENTION 

[0055] The methods and embodiments of the multi-layer litho- 
graphic processing of the present invention is presented 
and illustrates the general implementation and is not lim- 
ited to any particular embodiment therein. 

[0056] Referring to Figure 1, the process typically commences 

with a cleaned substrate lOl. The substrate represents a 
wafer that can be any of the known substrates such as sil- 
icon, gallium arsenide and germanium as well as other 



materials as known in the art. The substrate material for 
the present invention is not restricted to any particular 
semiconductor material and can also work using non- 
semiconductor materials. For example, this process also 
works using a glass substrate or polished metal. 
[0057] The wafer preparation and cleaning processes are known 
in the art and can use any of the known solvents to 
cleanse the substrate. A plasma ash is sometimes used 
after the solvent to further clean the substrate in prepara- 
tion for further processing. The cleaning processes and 
associated treatments are intended to provide a workable 
substrate and may be eliminated if the substrate is in 
proper form. 

[0058] Additional steps may also be implemented to improve 

performance or yield. For example, a silicon substrate can 
use a standard vapor prime of hexamethyldisilizane 
(HMDS) to improve adhesion. HMDS can be applied in a 
number of manners and is a surface priming treatment to 
enhance the adhesion of photoresist on the wafer surface. 
There are other adhesion promoters besides HMDS that 
may be employed. 

[0059] A resist 102, such as an azide resist, is adhered to the 
substrate lOl in this particular embodiment. The resist 



102 can be spun coated on the substrate lOl wherein the 
thickness (T ) is calculated depending upon such fac- 

resist 

tors as the type of resist, the spin speed and resist viscos- 
ity. For example, a positive photoresist Shipley S1808 can 
be spun at 800 RPMs (0.8 KRPMs). Shipley S1808 is a typi- 
cal azide based resist, and the technique described herein 
applies to Shipley series 1800 photoresists and to AZ 
1500 series photoresists. Other embodiment employ 
techniques that use polymers and copolymers of poly- 
methylmethacrylate (PMMA) for ebeam resists, SU-8 for 
micro-electromechanical systems (MEMS) resist as well as 
other resist materials and systems. 
[0060] The method described herein uses spin-coating for illus- 
trative purposes and it should be noted that spray coating 
and other coating methods can also be used with the 
present invention. The type of resist and the manner of 
deployment is dependent upon the design requirements 
and the present invention includes other resist materials 
and manners of applying the resist to the substrate sur- 
face. 

[0061] Once the resist 102 is deployed on the substrate surface 
101, it may be subjected to a softbake process. One ex- 
ample of a softbake would be a hotplate bake at 90 de- 



grees Celsius for sixty seconds. Once the softbal<e is 
completed, a hydration step can also be introduced as is 
known in the art. There are various post-application resist 
treatments that are known in the art, including hydration 
and ammonia based image reversal. 

[0062] Referring to Figure 2 and Figure 3, the process continues 
with the formation of the first layer of resist 102. In one 
embodiment, a mask or other form of exposure tool 203 is 
used to block off certain portions of the resist 102 from 
the radiation 204, thereby forming exposed portions 206 
and unexposed portions 205 of the resist. The radiation 
204 is commonly ultraviolet light but could also be elec- 
trons or x-rays. The exposed areas 206 are defined by ex- 
posure tools 203 such as masks and computer data when 
direct write methods are used. In distinction to the pro- 
cessing known in the art, the first layer resist 102 is ex- 
posed but not developed. 

[0063] Further embodiments for exposure variations comprise 
broadband UV sources, narrow UV sources, 1-line, G-line, 
and electron beam exposure sources. The processing ac- 
cording to the present invention can also be used with 
steppers, contact aligners, electron beam pattern genera- 
tors and other exposure tools. 



[0064] The first layer undercut is formed as shown in the latent 
image of Figure 3 for the exposed area 206 between the 
unexposed resist areas 205. The latent image portion 206 
represents the 'invisible' image produced by the incident 
exposure rays and is subsequently rendered visible by de- 
velopment processing. The exposed resist area 206 is de- 
pendent upon the incident exposure of the radiation 204, 
wherein a typical exposure is about 200mJ. 

[0065] After the exposure of radiation 204, a second softbake can 
be used to densify the resist structure 205, 206 wherein a 
typical softbake is about sixty minutes at 90 degrees Cel- 
sius in a convection oven or 60 seconds at 90 degrees 
Celsius using a vacuum hotplate. 

[0066] Referring to Figure 4, a second layer 404 is added to the 

resist layer 205 and 206. This barrier layer 404 is generally 
conductive such as a metal however other materials such 
as polymers could also be employed. The second layer 404 
is generally selected to have good adhesion characteristics 
and is immiscible in the resist layers, and functioning as a 
barrier to the second subsequent exposure. The thickness 
^^layer^ of the barrier layer 404 depends upon processing 
conditions. For example, the second layer 404 in one em- 
bodiment is 3000 Angstroms of gold thermally evapo- 



rated. Titanium and Aluminum are also possible materials 
for the second layer. 

[0067] In general, electron beam deposition and/or sputtering is 
not used for the second layer deposition as the resist may 
be ultraviolet (UV) sensitive and the electron beams and/ 
or sputtering might generate UV radiation during the 
evaporation process. 

[0068] Metal is one embodiment for the opaque thin film barrier 
layer. Other materials may be used other than metal as 
known by those skilled in the art. There are certain vari- 
ables such as metal film integrity, defects, thickness re- 
quirement for opacity that are some of the design criteria 
used in the selection of the second layer (i.e. the barrier 
layer). The opacity of the metal is dependent to a certain 
extent to the wavelength of the exposing medium. For 
visible radiation, metal films generally become opaque 
around 500 Angstroms. For X-ray opacity the films gener- 
ally will be much thicker. Opacity is dependent upon a 
number of variables as known by those skilled in the art, 
and the present invention only needs to obtain a reason- 
able contrast for functionality. 

[0069] A second layer of photoresist material 505 is applied as 
shown in Figure 5, thereby making a three-layer stack. In 



one embodiment the second layer of photoresist 505 is 
spun on the two-layer stack, wherein the resist could be a 
positive photoresist such as Shipley S1827. A typical spin 
speed for this resist is about 2.5 KRPMs that generates 
about a four micron thick layer, however the variables in 
the process allow for adjustments. 

[0070] Optionally, the second layer photoresist 505 can be sub- 
jected to a softbake process such as a hotplate bake for 
90 seconds at 90 degrees Celsius. A hydration step can 
also be employed. 

[0071] Referring to Figure 6, one of the features of the present in- 
vention is illustrated wherein the top layer of photoresist 
is exposed by the radiation 607, but this radiation does 
not penetrate to the first layer 205, 206 because the bar- 
rier layer 404 stops the radiation from penetrating. This 
allows one latent image to be placed on top of a second 
independent latent image. And if needed, a third, fourth 
and up to an n*^ layer may be added. Thus, the barrier 
layer 404 performs two functions. First, the barrier layer 
404 stops the two resist layers from intermixing. Second, 
the barrier layer 404 stops the top radiation exposure 
from reaching the bottom layer of photoresist that was 
previously exposed. This makes the two latent images 



fully independent. 

[0072] Referring again to Figure 6, the top layer of photoresist is 
exposed to radiation 607 with a photomask 606 used to 
define the exposed areas of the second layer photoresist 
609 from the unexposed second layer photoresist 608. The 
radiation exposure 607 can be accomplished using the 
techniques knows in the art such as a contact aligner, a 
stepper, or a direct write electron beam. 

[0073] Upon completion of the radiation exposure 607, the sec- 
ond layer photoresist comprises an exposed region 609 
and the unexposed regions 608, which is depicted in the 
latent image of Figure 7. As known in the art, the size, 
shape, and pattern of the regions 608, 609 are dependent 
upon the design criteria and desired application. 

[0074] Upon completion of the exposure of the second layer of 
photoresist, the second resist layer is developed. As illus- 
trated in Figure 8, the exposed area 609 of Figure 7 is re- 
moved by the developer. During development, the un- 
wanted areas in the photoresist are dissolved by the de- 
veloper. In the case wherein the exposed areas become 
soluble in the developer, a positive image of the mask 
pattern is produced on the resist. Such a resist is there- 
fore called a positive photoresist. Negative photoresist 



layers result in negative images of the mask pattern, 
wherein the exposed areas are made soluble in the devel- 
oper. Wafer fabrication may employ both positive and 
negative photoresists, although positive resists are gener- 
ally preferred because they offer higher resolution capa- 
bilities. One example of a develop is a one minute immer- 
sion in Shipley positive photoresist developer MF319. 
Other developers including negative developers are within 
the scope of the invention. Thus, this invention can be 
used and is completely compatible with both positive and 
negative resist processing. Also, this invention can be 
used with positive resist processing being used for the 
bottom resist layer and negative resist processing being 
used on the top layer or vice versa. The processing ac- 
cording to the present invention is compatible with auto- 
mated track developing. 
[0075] The middle or second layer 404 is removed as shown in 
Figure 8 such that the first resist layer is exposed. There 
are numerous techniques to remove the second layer 404 
such as wet etch, dry etch, exposure/developer as is 
known in the art. A wet etch can be used to etch the thin 
film, for example, a gold (Au) metal thin film used to sep- 
arate the layers of photoresist can be wet etched with 



potassium iodide (Kl). A dry etcli can also be used to re- 
move a portion of tlie second layer. If a photosensitive 
polymer were used for the second layer, an exposure and 
develop processing would remove the layer. Regardless of 
the technique used for the removal of the second layer 
404, the second layer of the three-layer stack of Figure 8 
separates the photoresist layers 608, 205. 

[0076] The barrier or second layer 404 generally will be opaque to 
actinic radiation, which is radiation that exposes photore- 
sist. Furthermore, in one embodiment the interfacial bar- 
rier layer 404 is a metal that is deposited by thermal evap- 
oration and similar deposition techniques known in the 
art. Sputter or electron beam deposition is not generally 
recommended as it may emit actinic radiation that would 
expose the bottom resist. Thus, according to one embod- 
iment the present invention employs an interfacial layer 
404 which is deposited by techniques that do not expose 
the bottom resist. And in one embodiment, the second 
layer 404 is opaque to the radiation used to expose the 
bottom layer of resist. 

[0077] Referring to Figure 8 and9, the bottom exposed first resist 
layer 206 is removed thereby exposing the substrate lOl. 
In one embodiment the first resist layer 206 is removed by 



a develop process such as an immersion develop or on an 
automated track developer system. One illustrative exam- 
ple employed a thirty-second develop step using Shipley 
MF319 developer. 

[0078] The undercut as described herein is a measure of the top 
opening 700, furthest from the substrate lOl, as compared 
to the opening at the bottom 705, nearest to the substrate 
101. In this particular application, an undercut having a 
greater opening near the bottom 705 is desired for metal 
deposition and lift-off. The present technique, while being 
described as a method for forming a useful resist liftoff 
profile, is not limited to liftoff applications. This process 
may be used for any application where a multilayer stack 
of resists is desired having different independent latent 
images developed out independently for semiconductor, 
MEMS or other manufacturing applications. 

[0079] While the description and drawings illustrate a three-layer 
stack, this is for convenience in the explanation of the 
process and the present invention is not thereby limited. 
In addition, the layer thicknesses and amount of undercut 
are independently controlled with the processing of the 
present invention. 

[0080] The process for one embodiment of the present invention 



is shown in Figure 10. A substrate is prepared for the fabri- 
cation process as is l<nown in the art 800. A resist coating 
is applied to the substrate wherein the first resist coating 
is applied according to the desired thickness 805. An op- 
tional softbake or post treatment process can be em- 
ployed 810. The first resist coating is then subjected to 
radiation to form a first latent image employing some 
form of masking technique thereby creating an exposed 
area and an unexposed area of the first resist layer 815. 
An optional post exposure treatment step may be em- 
ployed 820 however the resist is not developed at this 
time. 

[0081] Next, a barrier layer is formed on the first layer resist 825. 
The barrier layer is typically a conductive metal that can 
be evaporated onto the surface of the first layer resist and 
in one embodiment the intermediate barrier layer is ap- 
proximately opaque. A second layer of resist is applied to 
the barrier layer 830 and can be subjected for post treat- 
ment such as a softbake 835. The second layer resist is 
then appropriately masked and undergoes exposure to 
create exposed areas and unexposed areas on the second 
resist layer and form a second latent image 840. The sec- 
ond resist layer is developed to remove the desired resist 



material exposing a section of the barrier layer 845. The 
barrier layer is then etched to remove a portion of the 
barrier layer 850. The first resist layer is then developed to 
expose a section of the substrate 855. Finally, the pro- 
cessing continues with the integrated circuit design 860. 
This allows the top opening of a multilayered stack and 
the undercut sizes to be independently controlled by 
mask dimensions. The processing can further be imple- 
mented using various alignment tools. In the embodiment 
described herein a stepper can be used for processing and 
the stepper is easily aligned to the etch alignment crosses 
in the substrate. For contact lithography etch alignment 
keys can be implemented and are within the scope of the 
invention. If desired, the alignment key area could be de- 
veloped before the defining exposure to open the align- 
ment key area. 

[0082] It should be readily appreciated that the patterns or 

shapes for the layers may be "shifted" with respect to one 
another and/or contain significant differences in the over- 
all patterns. For example, referring to Figure 11 showing a 
top view perspective of a multi-layer stack 900 fabricated 
according to the present invention, wherein a square pat- 
tern is exposed in the bottom layer of photoresist 905 and 



a circular pattern is exposed onto the top layer 910. Vari- 
ous shapes and sizes can be employed within the scope of 
the invention according to design criteria and require- 
ments. For example, squares, rectangles, circles, ovals, 
triangles, polygons can be readily produced on any layer 
as well as extremely complex and non-contigu- 
ous/contiguous shapes. And, as can be readily appreci- 
ated, the illustration of a single stack 900 is for conve- 
nience as there can be an array of stacks on a given sub- 
strate. 

[0083] Referring to Figure 12, for a different application such as a 
MEMS implementation utilizing three photoresist layers 
and two barrier layers, it may be desirable to make the 
first photoresist layer opening larger than the middle 
photoresist layer and the top photoresist layer also larger 
than the middle layer to make an hourglass type struc- 
ture. The structure is fabricated as described herein hav- 
ing an unexposed first resist layer 205 and an unexposed 
second resist layer 608, with the etched barrier layer 404 
sandwiched therebetween. There is a further barrier layer 
925 and a top unexposed resist layer 930 forming the 
^hourglass' structure. As depicted, the thicknesses of the 
various layers may differ according to the design con- 



straints and requirements. Furthermore, the openings 
forming the undercut may also vary. The techniques de- 
scribed herein are flexible and readily adaptable to differ- 
ent requirements and applications. 

[0084] A feature of the present invention relates to the controlled 
exposure of the first layer which allows specific control of 
the first photoresist layer. Multi-layer stacks of more than 
three layers require some degree of control, and the 
present invention makes these multi-layered structures 
possible. For example, a six-layer photoresist stack can 
be formed using the processes of the present invention to 
make a vertical dumbbell shaped object. One of the as- 
pects of the present invention is the ability to form com- 
plex shapes using the photoresist techniques described 
herein, which supports emerging MEMS technologies. 

[0085] The art in the general field of the invention is extensive, 
however there are no known techniques which can form 
complex patterns in photoresist as detailed by the present 
invention. Among other differences, none of the art pre- 
exposes the bottom layer with a specific pattern and then 
uses thermal techniques to interpose an opaque (metallic) 
layer. The state of the art also does not incorporate latent 
imaging in the first layer for process control or for the 



formation of complex three-dimensional structures. 
[0086] The foregoing description of the embodiments of the in- 
vention has been presented for the purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of this 
disclosure. It is intended that the scope of the invention 
be limited not by this detailed description, but rather by 
the claims appended hereto. 



